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1. Introduction 
Throughout the world, continuous efforts are in progress for developing improved, optimized and advanced drug 
delivery system. In the recent years, for the formulation of efficacious drugs, there has been tremendous growth of research 
in the field of nanoscience and nanotechnology. The reason why these nanoparticles are attractive for the medical 
applications is based on the unique features like higher surface to mass ratio which provides tremendous driving force for 
diffusion, their quantum properties and larger surface area promoting their  ability to bind, adsorb and carry drugs. 
Improved stability of therapeutic agents against various stress conditions can be achieved using biodegradable 
Nanoparticles, mainly those prepared using biodegradable polymers. These are of nanoscale (subnano sized) colloidal 
particulates whose size ranges from 10-100 nm. The properties of materials change as their size approaches the nanoscale. 
They are composed of polymeric materials of either synthetic or natural origin. The drug can be either encapsulated in the 
polymeric matrix or can just be adsorbed onto the surface of the polymeric membrane. These have been widely used for 
their unique applications like targeting the drug to the specific site without being attacked by RES and also the release of 
the drug from the nanoformulation can be in a controlled and sustained manner [1].  
The important characteristics of ideal drug delivery like ability to target and control the drug release can be  
achieved by nanoparticles. And also nanoparticles composed of biodegradable polymer possess additional advantages like 
improved stability of the therapeutic agents against various stress conditions. Primary goals for research of nano-bio-
technologies in drug delivery include: 
 More specific drug targeting and delivery, 
 Reduction in toxicity while maintaining therapeutic effects, 
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 Greater safety and biocompatibility, and 
 Faster development of new safe medicines [2].  
The various biodegradable polymers used for the preparation of nanoparticles include 
Natural Polymers: Chitosan, Starch, Sodium alginate, glucose, mannose, fructose, keratin sulfate etc. 
Synthetic Polymers: Poly lactic acid, Poly glycolic acid, poly ethylene glycol, poly lactide coglycolide, homo and 
coplolyemrs of caprolactone, etc. 
In today’s science, research has been more focused on the nanoparticles prepared using biodegradable 
hydrophilic polymers such as alginate and chitosan. Sodium Alginate, a natural biodegradable polysachcharide, because of 
its several advantages such a high compatability, biodegradability, non-toxicity, non-immunogenicity, chelating ability and 
the possibility of chemical modification and encapsulation ability it has been widely used in biomedical applications[3]. 
The model drug selected for this work was Ibuprofen. It is a non-steroidal anti-inflammatory drug that is used to relieve 
symptoms of pain of arthritis. Other uses includes primary dysmenorrheal, alleviating fever and reducing inflammation, 
also helping in showing analgesic, anti-platelet and vasodilation effect. 
Numbers of methods are available for the preparation of nanoparicles, such as amphiphilic macromolecular cross 
linking, polymerization and polymer precipitation methods. In amphiphic cross linking method desolvation technique is 
mainly applicable for the preparation of protein nanoparticles. Desolvation is a thermodynamically driven self-assembly 
process for polymeric materials to prepare nanoparticles. The process includes three steps: protein dissolution, protein 
aggregation and protein deaggregation. The aggregated nanoparicles are crosslinked by using crosslinking agents like 
glutaraldehyde, sodium sulphate. A desolvating agent such as acetone, isopropanol or n-butanol can be used. The addition 
can be optimized turbidometriclly using nephlometer. Both lipophilic and hrdrophilic drugs can be entrapped in 
nanoparticles using this technique [4,5]. 
 
2. Materials 
Drug: Ibuprofen (Gift sample) 
Polymer: Sodium Alginate (1%), SD Fine Chemicals Limited, Mumbai. 
Desolvating agent: Isopropanol, SD Fine Chem Limited, Mumbai. 
Cross linking agent: 25% Glutaraldehyde, SD Fine Chem Limited, Mumbai. 
2.1 Methodology 
Desolvation technique was adopted for the preparation of Ibuprofen loaded sodium alginate nanoparticles. The 
processing parameters like concentration of the drug and polymer, speed of rotation were optimized. 1 % drug-polymer 
solution was prepared and its pH was adjusted to 4. The desolvating agent used was Isopropanol. The addition of 
desolvating agent to the drug-polymer solution was done by two methods, i.e.; continuous and intermittent, in which the 
solvent was added at the rate of 1ml/min and 1ml/ 5 min respectively.  The appearance of turbidity in the solution was 
considered as the end point. Then, 3-4 drops of 25% glutaraldehyde was added. For complete cross linking, the stirring was 
continued for 12 hours. The solvent and water were removed from the resultant solution by means of rotary evaporator. The 
obtained free flowing powder was then characterized for particle size distribution to ensure that they were within nanosize 
range. Further, it was evaluated for following parameters like zeta potential, entrapment efficiency and invitro drug release 
[6,7]. 
2.2 Characterization Of The Nanoparticles [8,9] 
Drug Content and Drug Entrapment Efficiency: [10,11] 
Drug content was determined as follows  
50 mg of the prepared drug loaded sodium alginate nanoparticles both by continuous and intermittent addition 
method, were dissolved in 50 ml of methanol and kept for stirring at 600 rpm for 3 hours respectively. The total amount of 
the drug in the nanoparticles was determined spectrophotometrically at 221 nm. 
Entrapmetn efficiency and Loading capacity were determined as follows 
50 mg of the prepared drug loaded sodium alginate nanoparticles both by continuous and intermittent addition 
method, were dissolved in 50 ml of 7.2 pH phosphate buffer and was kept for ultracentrifugation for 40 minutes 
respectively. Entrapment efficiency and loading Capacity of the nanoparticles were determined using the formula: 
Entrapment Efficiency =    Total amount of the drug entrapped   
                                     -------------------------------------------------   × 100 
                                          Total amount of the drug initially taken 
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Loading Capacity =       Total amount of the drug entrapped            
                                    -------------------------------------------------   × 100 
                                      Total weight of the nanoparticles taken 
 
Particle Size Analysis and Zeta Potential Measurement [12,13] 
The average particle size and size distribution of Ibuprofen loaded Sodium alginate NP’s were determined by 
dynamic light scattering (DLS), using Horiba Zetasizer. 
The Zeta potential (Surface Charge) which indicates the stability of the NP’s can be defined as electrokinetic 
potential that is determined by electrophoretic mobility. Samples were prepared by diluting with water and corresponding 
zeta pontential were measured using Horiba Zeta Sizer. 
Determining the size and morphology of the nanoparticles [14] 
Scanning Electron Microscopy is used to determine the shape, size and surface morphology of the nanoparticles. 
Nanoparticulate suspension is made to obtain Photomicrographs of the drug loaded sodium alginate nanoparticles using this 
SEM. 
Fourier Transforms Infrared Spectroscopy [15] 
FT-IR spectra were recorded on FT-IR spectrophotometer for the prepared drug loaded alginate nanoparticles. Any 
interactions between drug and the polymer occurred can be detected by these spectra. 
In Vitro Drug Release Studies [16] 
The invitro drug release studies were carried out using Arbitary Shaker. The prepared nanoparticles were placed in 
conical flask and was dispersed using 50 ml of 7.4 pH buffer. The entire system was kept at 37 ± 0.5 ºC with the continuous 
stirring at 100 rpm. The samples were withdrawn at predetermined intervals and replaced by fresh medium simultaneously. 
The amount of drug released at specific time interval was determined with UV spectrophotometrically at 221 nm. 
 
3. Results and discussions [17, 18] 
The yield obtained for both the products i.e; drug loaded sodium alginate nanoparticles prepared by continuous 
addition method and intermittent addition methods were optimum. They were evaluated for above mentioned characters 
and the results obtained were as follows:  
3.1 Drug Content of the formulations 
 The drug content for both the formulations was evaluated. It was observed that the NPs prepared by continuous 
addition method showed a higher drug content value i.e; 93.32%. NPs that prepared by intermittent addition method 
showed drug content value of 88.32%. 
 
Fig.1: Drug Content of NPs prepared by Continuous addition of Isopropanol as desolvating agent 
 
3.2 Entrapment Efficiency of the formulations  
Entrapment efficiency and loading capacity were found to be more by Intermittent addition method i.e.; 76.84% 
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than continuous addition method i.e; 74.99%. 
 
Fig.2 Entrapment Efficiency of NPs prepared by Continuous addition of Isopropanol as desolvating agent 
3.3 Average particle size 
The size distribution of the prepared nanoparticles along the mean diameter was measured using particle size 
analyser. The average particle size of the prepared drug loaded alginate nanoparticles were recorded as 289.9 nm and 289.2 
nm for continuous addition and intermittent addition method respectively. 
 
Fig.3 Mean particle diameter of NPs prepared by Continuous and Intermittent addition method. 
3.4 Zeta Potential 
Zeta Potential of the prepared drug loaded alginate nanoparticles measured using zeta meter indicated that the 
formulations showed optimum stability. NPs prepared from intermittent method showed higher stability, bearing a value of 
-49.9 mV. 
 
Fig.4 Zeta Potential of NPs prepared by Continuous addition and Intermittent addition method. 
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Fig.5 Mean Particle Diameter measurement for Sodium Alginate NPs prepared by Continuous addition method 
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Fig.6 Zeta Potential measurement for Sodium Alginate NPs prepared by Continuous addition method 
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Fig.7 Mean Particle Diameter measurement for Sodium Alginate NPs prepared by Intermittent addition method. 
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Fig.8 Zeta Potential measurement for Sodium Alginate NPs prepared by Intermittent addition method 
 
3.5 Size and Morphology of the nanoparticles  
The morphological characteristics of the prepared NP’s were examined using SEM. The images revealed that the 
particles were having smooth texture and were spherical in shape. 
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Fig.9 SEM of Drug loaded Alginate Nanoparticles By Continuous Addition method 
 
 
Fig.10 SEM of Drug loaded Alginate Nanoparticles By Intermittent Addition Method 
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FT-IR Spectra: From the FT-IR results obtained for sodium alginate nanoparticles prepared by continuous and intermittent 
method, it was confirmed that, there were no undesired interactions between the model drug chosen and the polymer.  
 
Fig.11 FT-IR of drug loaded alginate NPs (Continuous Addition Method) 
 
 
Fig.12 FT-IR of drug loaded alginate NPs(Intermittent addition method) 
 
3.6 In Vitro Drug Release Studies 
The in vitro release data of the two formulations were observed. The drug from the NPs prepared from continuous 
addition method showed drug release of 93% than from intermittent addition method that showed release of 98.53 % in 12 
hours.  From the various plots mentioned, it can be concluded that the drug release from the nanoparticles obeyed zero 
order kinetics following fickian diffusion mechanism. 
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Fig.13 In vitro drug release pattern of Ibuprofen loaded sodium alginate nanoparticles by Desolvation technique 
 
Table.1 Parameters determined from the Invitro Release Studies performed on Drug loaded alginate NPs 
Formulation Zero Order Plot First order Plot Peppas Plot(n) Higuch Plot(R
2 
) 
Continuous method 0.968 0.875 0.25 0.925 
Intermittent method 0.977 0.935 0.235 0.981 
 
4. Discussion  
Ibuprofen loaded sodium alginate nanoparticles were prepared by desolvation technique using isopropanol as 
desolvating agent [19,20]. Two methods i.e; Continuous and intermittent addition methods were employed for the 
preparation of polymeric nanoparticles. Comparative study was performed to determine the effect of continuous and 
intermittent addition methods on particle size, average particle diameter, entrapment efficiency, loading capacity, zeta 
potential. 
On comparision, intermittent addition method was resulting particles in nanosize. May be intermittent method give 
more time for the desolvation process to occur, more stable nanoparticles were obtained with intermiitent addition method. 
Zeta potential represents index for particle stability. 
The amount of drug entrapped and drug loading capacity of the polymer were found to be more for intermittent 
addition method than continuous addition method. It may be because of the higher drug content and mazximum product 
yield for the nanoparticles prepared by intermiitent addition method than continuous addition method. 
Invitro drug release studies were performed for both the formulations. In intermittent addition method, the drug 
release was continued for a period of 6 hours. It may be because of the smaller particle size. Smaller particle size provides 
maximum surface area, hence, the drug release was found to maximum in a period of 6 hours. In continuous addition 
method, the drug release was sustained upto 8 hours. Sustained release nature was because of the large diameter of the 
particle. 
In order to determine the order of drug release and mechanism of drug release, several plots were plotted [21,22]. 
From the plots, it was observed that the drug release follows zero order kinetics. The percentage of drug release is 
independent of drug concentration. From the Higuchi and Peppas plot, it can be concluded that mode of drug release is 
Fickian diffusion controlled [23,24]. 
 
5. Conclusions 
From the results, it can be concluded that intermittent addition method is considered to be better than continuous 
addition method. So, Ibuprofen loaded sodium alginate nanoparticles can be better prepared by intermittent addition 
method to achieve targeted drug delivery for the treatment of Rheumatoid Arthritis and Ankylosing Spondylitis.      
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